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Abstract
Objectives: Tobacco and alcohol are major risk factors of oral cancer, but nutritional deficiency may also contribute to 
development of oral cancer. This study compared serum antioxidant vitamin levels in oral cancer patients and controls 
in order to validate the role of vitamin deficiencies in the etiology of oral cancer.
Materials and Methods: Serum vitamin A, C, and E levels of 33 oral cancer patients and 30 controls at University 
College Hospital, Ibadan, Nigeria, were determined using standard methods. The data obtained were analyzed using 
the Student t‑test, odds ratio, and logistic regression.
Results: Mean vitamin A, C, and E levels were significantly lower in oral cancer patients (P=0.022, P=0.000, and P=0.013 
respectively). Risk of oral cancer was 10.89, 11.35, and 5.6 times more in patients with low serum vitamins A, C, and E, 
respectively. However, on logistic regression analysis, only low serum vitamin E independently predicted occurrence 
of oral cancer.
Conclusions: The lower serum vitamin A, C, and E levels in oral cancer patients could be either a cause or an effect of the 
oral cancer. Further studies using a larger sample size and cohort studies with long‑term follow‑up of subjects are desirable.
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Introduction

Oral cancer accounts for between 2% and 4% of all 
malignant tumors in most regions of the world, and 
constitutes a great challenge for the afflicted person and 
for healthcare professionals.[1,2] The trend for survival of 
patients with oral cancer has remained rather disappointing 
over the past several decades, with the overall 5  years 
survival rate being approximately 50%.[3,4]

Tobacco and alcohol are the most important etiological 
factors in the development of oral cancer.[2,5,6] However, 
some authors have reported oral cancer in people who do 
not use tobacco or consume any appreciable amounts of 
alcohol.[7,8] This suggests that other important factors might 
contribute to the etiology of oral cancer.

Experimental and clinical studies have shown that 
antioxidant vitamins may inhibit cancer formation and 
progression. Suda et  al.[9] showed that topically applied 
beta‑carotene inhibited experimental oral carcinogenesis in 
hamster pouch. Odukoya et al.[10] also showed that topically 
applied vitamin E inhibited carcinogenesis in hamster buccal 
pouch. Other studies have shown that diets high in fruits 
and vegetables, vitamin A, and vitamin C have a protective 
effect against oral cancer.[11,12]

Clinical studies in the United States[13] and Japan[14] also 
found lower serum antioxidant vitamins in oral cancer 
patients compared with normal population.
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Oji et al.[15] in Enugu reported that most of the oral cancer 
patients presenting at the University of Nigeria Teaching 
Hospital over a 6‑year period gave a negative history of 
alcohol and tobacco exposure. They suggested that poverty, 
malnutrition, lack of education, poor oral hygiene, and 
chronic malaria might play an important role in etiology and 
severity of oral cancer. Their finding is in agreement with 
that of Lawoyin et al.[16] who in their study in south‑western 
Nigeria, found low prevalence of recognized risk factors for 
oral cancer such as tobacco and alcohol consumption in 
their study population and suggested thatother predisposing 
factors such as nutrition, genetic predisposition, and chronic 
illness may play an important role in the etiology of oral 
cancer in their study population.

The aim of this study was to analyze the serum antioxidant 
vitamins in oral cancer patients and compare them with 
those of controls in order to validate the probable role 
of vitamin deficiencies in the etiology of oral cancer in a 
Nigerian population.

Materials and Methods

Thirty healthy volunteers and —33 histologically diagnosed 
oral cancer patients participated in this study. All cases 
were patients from the outpatients department of the 
Dental Clinic of the University College Hospital, Ibadan 
in south‑western Nigeria. Ethical clearance was obtained 
from the joint ethical committee of University of Ibadan 
and the University College Hospital. All patients were 
duly informed of the aim of the procedure and consented 
to participate in the study. Healthy volunteers under age 
40 years and all those with known systemic diseases were 
excluded from the study. Patients who had commenced 
any form of radiotherapeutic, chemotherapeutic or surgical 
interventions were excluded from the study.

Ten milliliters of intravenous blood was taken from 
all participants after an overnight fast. The blood was 
centrifuged at 3000 rpm for 5 minutes and separated serum 
was aspirated into tubes and analyzed for vitamins A, C, 
and E with a DM520 spectrophotometer (Beckman, USA). 
The spectrophotometer measures the concentrations of the 
different vitamins by assaying the color changes in different 
reactions.

Serum vitamin A was measured using the method described 
by Neeld and Pearson. Trifluoroacetic acid was reacted 
with the conjugated double bonds of vitamin A to form a 
faint blue compound. The color change was assayed with a 
spectrophotometer. Serum ascorbic acid was measured using 
the method described by Roe and Kuether and modified 
by Roe. Ascorbic acid is converted to dehydroascorbic 
acid by shaking with Norit and this was coupled with 
2,4‑dinitrophenylhydrazine in the presence of fluorourea as 

a reducing agent. The dinitrophenylhydrazine thus formed 
is converted by sulfuric acid into a red compound, which 
can be assayed by a spectrophotometer.

Serum vitamin E was measured by the Emmerie‑Engel 
reaction based on the method described by Baker and 
Frank. This method is based on the reduction of ferric 
acid by tocopherols to form ferrous ions which then forms 
a complex with α‑, α‑dipyridyl, which was then assayed by 
spectrophotometry.[17]

The data obtained were analyzed using the Statistical 
Package for the Social Sciences, version  15.0 (SPSS15). 
Differences between the two groups were analyzed for 
statistical significance using the student t‑test, odd ratio, and 
logistic regression, where applicable. Statistical significance 
was determined at P<0.05.

Results

There was a statistical significant difference in the mean 
serum levels of vitamins A, C, and E in the oral cancer 
patients compared with the normal patients (P=0.022, 
P=0.000 and P=0.013, respectively) [Table 1].

Table  2 shows the association between low serum levels 
of antioxidant vitamin and oral cancer. Only 6.7% of the 
normal patients had low serum vitamin A levels (<0.5 μg/l) 
compared with 43.8% of oral cancer patients who had low 
serum vitamin A levels. A total of 3.3% of normal patients 
had low serum vitamin C levels (<0.5 mg/dl) while 25.8% 
of oral cancer patients had low serum vitamin C levels 
(<0.5 mg/dl). Most patients in the two groups had low 
serum levels of vitamin E (<10 mg/l) with 96.6% of the 
cancer patients and 63.3% of the control group having low 
serum vitamin E levels.

The risk of oral cancer was 10.89, 11.35, and 5.6  times 
more in patients who had low serum vitamins A, C, and E, 
respectively [Table  2]. However, on logistic regression 
analysis, only low serum vitamin E could independently 
predict occurrence of oral cancer [Table 3].

Twelve (37.5%) of the cancer patients were males while 
20  (62.5) were female whereas, in the control group, 
17 (56.7%) were males and 13 (43.3%) were females. In 
the oral cancer group, the mean serum vitamins levels 
were consistently higher in females compared with their 
male counterparts, though differences were not statistically 
significant (P=0.73, P=0.21, and P=0.10). The mean 
serum vitamin C level was higher in males than that in 
females in the control group, but females in this group had 
higher mean serum vitamins A and E; these differences 
were also not statistically significant (P=0.51, P=0.63, 
P=0.95)[Table 4].
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Only 26.1% of the oral cancer patients in this study use 
tobacco, while 25.8% consume alcohol and 12.5% use both 
alcohol and tobacco. There was, however, no statistically 
significant difference in tobacco use in the oral cancer group 
and the controls (P=0.106).

Discussion

In this study, mean serum levels of vitamins A, C, and E 
were significantly lower in oral carcinoma cases compared 
to the control. Most studies are in agreement with this 
finding.

Abiaka et al.[18] found the α‑tocopherol concentration to 
be significantly lower in stomach, colon, rectal, and breast 
cancer cases compared to controls. Choi et  al.[19] found 
that the serum level of ascorbic acid in gastric carcinoma 
patients in Seoul was less than one‑fifth of their control. 
They also found that serum levels of beta‑carotene and 
alpha‑tocopherol of gastric cancer patients were significantly 
decreased compared to those in their control group.

Zheng et al.[13] in Maryland, US, observed that serum level 
of beta‑carotene was lower in subjects that subsequently 
developed oral and pharyngeal cancer. This was also 
corroborated by Kune et al.[13] who observed in a study in 
Australia that serum vitamin A was significantly lower in 
oral and pharyngeal cancer cases compared to controls. 
However, Nagao et al.,[14] in a study in Japan, found serum 
β‑carotene to be significantly lower in oral leukoplakia than 
controls in males, but in females, no significant difference 
was noted in the serum α‑tocopherol and β‑carotene levels 
in leukoplakia patients compared to controls.

Research has demonstrated the roles of vitamins in 
cellular changes. Vitamin A has particularly been found to 
influence cellular changes in a number of ways. It inhibits 
terminal differentiation of epidermal cells; it enhances 
cellular immunity by promoting an increase in the number 
of T‑helper cells and NK cells. Vitamin A helps in the 
arrest and reversal of leukoplakia progression. In addition, 
vitamin A also induces cytotoxic and cytostatic effects on 
cancer cells and promotes apoptosis as well as interfering 
with cancer DNA and RNA gene expression.[20] Vitamin C, 
however, reduces vitamin E degradation and enhances 
chemotaxis, phagocytosis, and collagen synthesis. It inhibits 
nitrosamine formation and reduces oncogene expression. 
Vitamin E is a free radical scavenger; it maintains membrane 
integrity and inhibits cancer cell growth and differentiation. 
It also inhibits mutagenicity and nitrosamine formation. 
Synergism between vitamin E, selenium, and ascorbate 
inhibits DNA and RNA protein synthesis in cancer cells.[20]

In this study, low serum vitamins A, C, E levels were 
associated with 10.89, 11.35, and 5.6 times increased risk 
of oral cancer respectively. This is in agreement with the 
study of Nagao et al.[14] who found high serum micronutrient 
to be associated with reduced risk of oral leokoplakia in 
Japanese males. Zheng et al.[13] also reported that persons in 
the highest tertile of total carotenoids had about one‑third 
the cancer risk as those in the lowest tertile, but the risks 
were elevated significantly with increasing serum levels of 
alpha‑tocopherol.

In this study, only low serum vitamin E independently 
predicted occurrence of oral cancer. Previous studies 
have shown that topical and systemic administration 
of vitamin  E inhibited experimental tumors in hamster 
pouch.[9,10] In addition, Knert et al.[21] found that the high 

Table  1: Comparison of serum vitamins of oral cancer 
and control patients
Micronutrients Cancer Mean±SD Control Mean±SD P value
Serum vitamin A 0.53 ± 0.26 0.81 ± 0.28 0.022

Serum vitamin C 0.63 ± 0.28 0.91 ± 0.25 0.000

Serum vitamin E 6.68 ± 3.03 8.80 ± 3.48 0.013

Table  2: Association between low antioxidant levels 
and the risk of oral cancer

Oral 
cancers 
(n=32)

Control 
(n=30) 

P OR 95.0% CI 
for OR

n % n %
Low vitamin A 14 43.8 2 6.7 0.001* 10.89 2.21, 53.69

Low vitamin C 9 28.1 1 3.3 0.013* 11.35 1.34, 96.18

Low vitamin E 29 96.6 19 63.3 0.015* 5.60 1.37, 22.73

Alcohol intake 8 25.8 7 24.1 0.881 1.09 0.34, 3.53

Tobacco intake 6 23.1 2 6.9 0.131* 4.05 0.74, 22.20
*Fisher exact test was used; OR = Odds ratio

Table  3: Logistic regression analysis of risk factors for 
oral cancer

B P OR 95.0% CI for OR
Low vitamin E −2.672 0.041 −2.67 −5.30, −0.10

Low vitamin A −1.791 0.063 −1.79 −3.69, 0.10

Low vitamin C −0.907 0.486 −0.92 −3.44, 1.64

Alcohol intake 0.559 0.505 0.56 −1.08, 2.20

Tobacco intake −2.437 0.062 −2.44 −4.96, 0.24

Constant 3.076 0.015
B = Coefficient of regression, OR = Odds ratio, CI = Confidence interval

Table  4: Mean serum vitamin level according to 
gender
Serum 
Indices

Sex (MSL±SD) 
cancer 

P
1

(MSL±SD) 
control

P
2

Vitamin A Male

Female

0.51 ± 0.20

0.54 ± 0.30

0.73 0.78 ± 0.33

0.85 ± 0.19

0.51

Vitamin C Male

Female

0.56 ± 0.18

0.67 ± 0.32

0.21 0.93 ± 0.23

0.89 ± 0.27

0.63

Vitamin E Male

Female

5.67 ± 1.92

7.32 ± 3.45

0.10 8.76 ± 4.09

8.85 ± 2.51

0.95

MSL = Mean serum level, P1 = P value for cancer, P2 = P value for control
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serum alpha‑tocopherol level was associated with reduced 
risk of cancer in Finnish men. However, this differs from 
the findings of Ramaswamy et al.,[22] who found that serum 
levels of vitamins A and C were significantly lower in oral 
leukoplakia cases compared to controls but no significant 
difference was observed in the serum levels of vitamin E in 
oral leukoplakia cases compared to controls.

The low serum levels of vitamins A, C, and E in patients 
with oral epithelial cancers may be due to low or improper 
consumption of vitamin containing foods thereby reducing 
the protective effects of antioxidants against cancer. The 
low serum levels may also be due to loss of appetite that may 
be caused by tumor necrosis factor (TNF) and interleukin 
6 (IL‑6) produced in cancer patients consequently leading 
to general malnutrition, including reduced intake of 
vitamins.[23]

This study showed that the serum levels of vitamins A, C, 
and E in oral cancer patients were significantly lower than 
those of healthy volunteers and the risk of oral cancer was 
higher in patients with low serum antioxidant vitamins.

It is believed that further studies using a larger sample size 
and cohort studies with long‑term follow‑up of subjects 
is desirable. In addition, genetic studies of oral cancer 
patients may be necessary in this environment where many 
oral cancer patients give a negative history of exposure to 
tobacco and alcohol.
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